Cephacetrile (CIBA 36' 278-Ba) and cephaloridine (both cephalosporin derivatives) were compared in dogs with regard to their possible nephrotoxicity, renal handling, and concentration in the renal lymph. No adverse acute effect of either drug on the glomerular filtration rate and effective renal plasma flow was found at very high concentrations in the plasma, with or without concomitant administration of a potent diuretic (furosemide). Cephaloridine was filtered only by the kidney, whereas there was evidence that cephacetrile was also excreted by tubular secretion at low concentrations. The renal lymph concentration of the two antibiotics (in the hilar as well as the capsular lymph vessels) was found to be significantly lower than the simultaneous arterial plasma concentrations. When concentrations in the plasma were high, the relative lymph concentrations of cephaloridine and cephacetrile were in the same range as those of iothalamate (70 to 90% of the arterial plasma level), whereas at low plasma concentrations the lymph concentration of cephacetrile was markedly lower, a finding possibly explained by the active tubular secretion of cephacetrile.
Cephacetrile (CIBA 36' 278-Ba) and cephaloridine (both cephalosporin derivatives) were compared in dogs with regard to their possible nephrotoxicity, renal handling, and concentration in the renal lymph. No adverse acute effect of either drug on the glomerular filtration rate and effective renal plasma flow was found at very high concentrations in the plasma, with or without concomitant administration of a potent diuretic (furosemide). Cephaloridine was filtered only by the kidney, whereas there was evidence that cephacetrile was also excreted by tubular secretion at low concentrations. The renal lymph concentration of the two antibiotics (in the hilar as well as the capsular lymph vessels) was found to be significantly lower than the simultaneous arterial plasma concentrations. When concentrations in the plasma were high, the relative lymph concentrations of cephaloridine and cephacetrile were in the same range as those of iothalamate (70 to 90% of the arterial plasma level), whereas at low plasma concentrations the lymph concentration of cephacetrile was markedly lower, a finding possibly explained by the active tubular secretion of cephacetrile.
The cephalosporins are well-established broad-spectrum bactericidal antibiotics frequently used in urinary-tract infections. Previous studies have shown that cephaloridine, one member of this group, may be nephrotoxic in man and some animals, particularly if renal impairment pre-exists and if potent diuretics are administered concomitantly (2, 4, 6, 11) . Renal damage in rats under these circumstances has also been suggested for cephalothin (A. L. Linton and D. H. Lawson, Amer. Soc. Nephrol., Washington, D.C., 1971).
In the present study, cephacetrile (CIBA 36' 278-Ba), a recently developed cephalosporin, was compared with cephaloridine, already in clinical use for several years. We investigated the following parameters: (i) acute renal toxicity in mild renal impairment (laparotomy and contralateral acute hydronephrosis), (ii) renal handling of the two drugs, and (iii) renal tissue levels as expressed by lymph concentrations of the two drugs.
MATERIALS AND METHODS
In group A, 13 mongrel dogs weighing 15 to 27 kg were used for the comparative study of possible acute nephrotoxicity. The dogs were anesthetized with thiopental sodium, 30 mg/kg of body weight intravenously. Subsequently, additional thiopental sodium was administered to maintain constant relaxation. Polyethylene cannules were inserted into the aorta and vena cava through a femoral cutdown. The arterial pressure was continuously recorded via a Statham pressure transducer on a Gilson recorder. The right ureter was cannulated through a small incision in the right lower abdomen. The left kidney was exposed through a flank incision, and the left renal pelvis was cannulated through a ureterostomy distal to the ureteropelvic junction. Urine was collected from each kidney separately. A hilar or a capsular lymph vessel, or both, were cannulated with a 26-gauge needle connected to a silastic tubing (inner diameter, 0.3 mm; outer diameter, 0.6 mm; Dow Corning).
A constant intravenous infusion of 5% glucose was given throughout the experiment at a rate of 4 ml/ min. For better observation of the lymphatics, 2 NABER AND MADSEN at a rate of 1 ml/min) was used to keep the plasma levels of these two isotopes constant. After a sufficient equilibration time (at least 45 min), three control periods followed, each of 15 min duration. Blood samples from the aorta were obtained at the midpoint of each clearance period. After this, a priming dose (25 mg/kg of cephaloridine (dogs 34 to 39) or cephacetrile (dogs 40 to. 43) was administered intravenously. A sufficient dose of these antibiotics was added to the 5% glucose infusion to keep the antibiotic infusion at a rate of 1 mg per kg per min. Three dogs (44 to 46) served as controls and received no antibiotics. After three further clearance periods, the left ureter was clamped, whereas the right kidney was draining freely throughout the total experiment. After 45 min of occlusion, renal partial functions (glomerular filtration rate, effective renal plasma flow, and sodium and potassium reabsorption) in the occluded kidney were calculated (12) . At 90 min after clamping of the left ureter, furosemide (2 mg/ kg) was administered intravenously to all but two dogs. These two dogs (38 and 39) received furosemide 90 and 195 min, respectively, prior to the injection of cephaloridine. Plasma, urine, and lymph samples were kept at room temperatures until the end of the procedure. Portions were removed for isotope analysis, and the rest were frozen for antibiotic bioassays. The concentrations of the two antibiotics in urine and lymph were found to be unexpectedly low, and levels were sometimes not detectable. This may well be due to bacterial contamination later demonstrated in these samples. All plasma samples, however, were found to be sterile, and the antibiotic concentrations found in these samples were therefore considered reliable. Histological examinations (hematoxylineosin stain) were carried out on tissue specimens from all kidneys in the control group as well as in the experimental group.
To compare the renal handling and the concentration ability in renal lymph of the two antibiotics, nine additional experiments (group B) were carried out.
The technique used in group B differed from that used in group A as follows. The operative procedure was performed under strictly sterile conditions. Cephaloridine (dogs 61, 69, and 70) and cephacetrile (dogs 64, 67, 68, 72, 77, and 78) were administered at the same time as the priming dose of the two isotopes. The sustaining infusion of antibiotics was kept constant at 4 ml/min. The concentrations of antibiotics in the sustaining infusion were varied from experiment to experiment so that different plasma concentrations were obtained. The left kidney was allowed to drain freely throughout the total experiment. The right ureter was cannulated only in two experiments (dogs 64 and 69). None of the dogs in this group received furosemide. The duration of the clearance periods was chosen according to the amount of lymph flow, usually being 30 min. Renal lymph was collected under mineral oil by adding one drop (26-gauge needle) of heparin (5,000 units/ml) to the collecting tube. All plasma, lymph, and urine samples were processed within 15 min as follows. A portion of each sample was sufficiently diluted with ice-cold phosphate buffer. These preparations were kept cool if the antibiotics were bioassayed the same day or frozen if the determinations were performed within the next 2 days. Bioassays of the antibiotics were carried out by use of a cup-plate method with Sarcina lutea (FDA strain 1001) and Staphylococcus aureus (6538P) as test organisms for cephaloridine and cephacetrile, respectively.
Another portion of each sample was used for analysis of the two isotopes. Samples were counted in an automatic gamma scintillation counter (Packard Instrument Co., Inc., Autogamma spectrometer, series 410A) at proper window settings, and the counts obtained were corrected for 7% overlap of iaq1 into the 125I window.
RESULTS
In Fig. 1 the left kidney. The effective renal plasma flow (ERPF), as calculated from the o-iodohippurate clearance, decreased within 45 min in almost all dogs (exceptions were dogs 36 and 41). This was true whether the dogs had received antibiotics or not, and the degree of change was noted to increase as the experiment progressed. The decrease in ERPF became statistically significant (P < 0.05) for the control animals within the first 45 min, for the animals receiving cephacetrile within the second 45-min period, and for the animals receiving cephaloridine within the third 45-min period after the control periods.
GFR in the occluded kidney was calculated for the cephaloridine and cephacetrile group as being 18.3 and 13.3% of the control periods, respectively. There was, no statistically significant difference between these two groups. The ERPF in this kidney decreased to 16 .2 and 11.9% of the control periods, respectively, also demonstrating no statistical difference.
The plasma concentrations of the two antibiotics varied widely from one animal to the other. The concentrations of cephaloridine were found to be between 41 (dog 37) and 238 jug/ml (dog 35), and the concentrations of cephacetrile were between 15 (dog 41) and 91 pg/ml (dog 42). The results from the two dogs (38 and 39) which received furosemide prior to the cephaloridine injection are shown in Fig. 2 . The values obtained for GFR, ERPF, and cephaloridine plasma concentrations were not statistically different from those mentioned above. In some histological specimens, mild nonspecific tubular necrotic changes were found, but there was no difference in the incidence of these findings between the control group and the experimental groups.
The results in group B concerning the renal handling of cephaloridine and cephacetrile are summarized in Table 1 . In dogs 61 and 70, the clearance of cephaloridine was not statistically different from the GFR. The cephaloridine clearance in dog 69 was significantly lower (on the average 28%) than the GFR (P < 0.001). The clearance of cephacetrile in three dogs (64, 67, and 71) showed no statistical difference from the GFR. The drug concentrations in the plasma of these dogs were very high (286 to 316 gg/ml), whereas the plasma level in the other three dogs (68, 77, and 78) was markedly lower (15 to 148 ;ig/ml). The clearance of cephacetrile in these last dogs was found to be in the range of the o-iodohippurate clearance. This indicates active tubular excretion of cephacetrile at these concentrations.
In Table 2 , the mean values and standard deviations of the relative renal lymph concentrations of the two antibiotics are listed. The lymph concentrations (hilar or capsular) are expressed as the ratios to the arterial plasma concentrations. The relative lymph concentrations of iothalamate and o-iodohippurate are also listed. These values are used as "internal standards." The renal lymph concentrations of cephaloridine on the average were between 69 and 89% of the arterial plasma concentration. There is, however, no statistical difference between these figures when they are compared to the relative iothalamate lymph concentration with the arterial concentration used as reference. These findings were similar in hilar and capsular lymph. The renal lymph concentration of cephacetrile in four dogs (64, 67, 68, and 72) was found to be in the same range as that of cephaloridine when compared to the arterial plasma concentration and also when in addition the iothalamate clearance was used as an "internal standard."
In the two experiments (dogs 77 and 78) in which the cephacetrile concentrations in the plasma were markedly reduced, the relative lymph concentration was found to be significantly lower than the concentration of iothalamate, but not different from the concentration of o-iodohippurate. Table 3 illustrates the value of using the "in- DISCUSSION Simultaneous laparotomy and acute hydronephrosis of the contralateral kidney caused increased renal resistance and decreased renal plasma flow (15) . The two antibiotics investigated, however, had no additional effect on GFR, ERPF, or structural findings under these circumstances. The total dose administered during this period was 250 mg/kg of body weight. In rabbits, a dose of only 100 to 200 mg of cephaloridine/kg administered intravenously led to oliguria and functional as well as structural impairment of the proximal tubules. In contrast, the other two cephalosporin analogues, cephalothin and cephacetrile, caused no changes in doses up to 6,000 mg/kg intravenously (12, 13) .
It has been found that the nephrotoxicity of cephaloridine is enhanced by furosemide (11) Cephaloridine seems to be handled only by glomerular filtration, at least at the high plasma concentrations employed in these studies. This finding is supported by the results of other investigators (7, 16) . If the renal lymph originates as a filtrate of the thin-walled interlobular veins (1), the concentration of a substance being filtered glomerularly can be expected to be lower than that in the corresponding arterial plasma. This is well documented for substances like creatinine, inulin, and iothalamate (1, 8) .
Since the protein binding of cephaloridine and cephacetrile is very low (9), the difference in protein content of lymph and plasma should be insignificant. We have actually found (unpublished data) that cephacetrile can be recovered in identical concentrations from dog plasma and lymph when diluted 1:10 with phosphate buffer. Our results do, in fact, show this lower concentration of cephaloridine and cephacetrile in renal hilar as well as subcapsular lymph at high plasma levels.
At low plasma concentrations of cephacetrile, however, when tubular secretion can be demonstrated (also in humans [13] ), the relative lymph concentration in the intrarenal veins from which the renal lymph originated can be considered lower than the concentration of substances being glomerularly filtered only.
Cockett et al. (3) , in contrast to our results, found higher lymph concentrations of cephaloridine and cephalothin than in the corresponding plasma. Their experimental design, however, differed from ours. They carried out their experiments at lower and decreasing plasma concentrations. If the renal handling of cephaloridine at lower plasma levels in fact is different, different lymph concentration ratios can be expected. However, even if tubular reabsorption is taking place, a higher concentration than that in the arterial plasma cannot be expected if lymph originates from the intrarenal venous system. The decreasing plasma level can also explain the differing findings. As demonstrated in Table 3 , observations under conditions of decreasing plasma levels would yield unrealistically high lymph concentration ratios if the arterial plasma concentration measured at the midpoint of the lymph sampling periods is used as reference. The lower the lymph flow is, the higher the error of overestimation that can be expected. Another possible VOL 3, 1973 
